the two other groups, the clerical VDU operators felt that the workload was very heavy and that the work pace was too fast with little control over the pacing. Quantitative overload is induced partly due to time pressure and task demand with which data-entry operators are often faced 1, 2) .
In the field of ergonomics and occupational psychology, stress is usually considered to be a consequence of high levels of workload which in turn will often produce changes in physiological (e.g. increase in heart rate), psychological (e.g. anxiety, frustration) and behavioral (e.g. increases error rates) functions 1) . Studies of workload are more commonly found in the organizational literature, where workload is also considered to be a primary stressor and is often linked with physical and psychological stress 6, 7) . Also, various models of mental stress describe workload as an underlying factor for mental stress that in turn will affect psycho-physiological aspects of the individuals 8) . As an illustration, ISO 10075 (ISO, 1991) 8) , the basic international standard on mental workload explains mental stress as a consequence of overload, however, differentiates between mental stress (the stimulus side of mental workload) and mental strain (the response within the individual). Of course, stress may be experienced from other sources than high workload-sleep, noise, and anxiety, to name a few. However, in this study the focus is merely on the overload condition and its likely psycho-physiological consequences on data-entry operators. Three classes of workload assessment measures were applied for this investigation 9, 10) : (I) subjective assessment of workload; (II) performance-based assessment; and (III) physiological assessment.
In regard to subjective measures, it is likely that people do not have conscious access to all the aspects of mental workload which may cause particular difficulty with subjective measures.
Despite this limitation, several studies attest to the value of subjective measures [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . It is also important to consider that subjective workload represents the degree to which an individual experiences workload demands, and this experience itself has potential consequences for performance and stress levels 11, 16) . Thus, for both theoretical and practical reasons, it is of value to characterize how much mental effort is experienced in performing various tasks and to predict when performance will deteriorate seriously due to overload. Perceived demand of the task as well as the interaction of a subject with the task can be evaluated using the NASA-TLX (Task Load Index). It is one of the most commonly used self-reporting indices, and has been used in several preceding studies related to data-entry work 11-16, 20, 32) . It is comprised of six subscales, of which three dimensions relate to the demands imposed on the subject (mental, physical, and temporal demands) and three to the interaction of a subject with the task (effort, frustration and performance) 11) .
Moreover, in this study we determined some indices for performance-based assessment while participants typed under different levels of time pressure or task demand as simulated overload situations. Related to this, Hendy et al. 21) posit that time pressure is the underlying stressor that determines operator performance, error production, and judgment of workload. In other words, time pressure and task demand are the operant conditions that influence operators subjectively and objectively 22) . The ranges of performance domains that have been found to suffer under time pressure include various cognitive functions and mental processes [23] [24] [25] [26] [27] [28] [29] [30] [31] . Besides, it is also evident that the degree to which performance is affected seems likely to be related to the difficulty of each task, as has been mentioned by Wickens and Hollands 26) . However, there are few studies concerning the impact of time pressure or task demand on performance variables of data-entry work. Hughes et al. 17) defined three groups of "gross" and "net" typing speed along with "error number" as typing performance indexes. Speed and accuracy of typing were recorded in the study of Leyman et al. 9) to investigate the impact of the primary task on the secondary task performance, but not the typing task alone.
In addition, heart rate (HR) and heart rate variability (HRV) were applied to indicate the level of mental stress while the participants were quantitatively overloaded. Mental stress is accompanied by dynamic changes in autonomic nervous system (ANS) activity 20, 32) . Heart rate and its derivates allow one to discriminate among levels of mental work stress induced by different levels of difficulty 20, 33) . Numerous studies have shown that increased HR and decreased HRV were generally associated with increased levels of workload 20) . In a study to examine the relationship between psychological measures and perceptions of work, it was found that HR was lower during a low demand/low latitude task than a high demand/high latitude task in a computer simulated electro-energy network task 34, 35) . In another VDT study conducted by Schleifer et al. 36) , heart rate and blood pressure did not vary significantly with slow or rapid response time of the computer. Kumar et al. 32) have studied HRV analysis for mental stress assessment using a novel method of fuzzy clustering and robust identification techniques. They have used the NASA-TLX for subjective assessment of mental workload, too.
In sum, the sources of stress for data-entry workers include a broad range of work organization and job content factors, working time and incentive payment, and working environment factors. As these conditions and job characteristics overlap and interact, their effects on data-entry workers usually also result from a cumulative and combined set of job pressures and conditions. However, in this study we investigated only time pressure and task demand as contributing factors of quantitative overload in data-entry tasks. This separation of contributing factors into various categories would be useful to identify more specifically the sources of stress in order to take them into consideration when examining policies and strategies to improve data entry jobs 1) . Therefore, it is important to isolate as far as possible the most powerful sources of occupational stress in order to concentrate on changes most likely to minimize or counteract their adverse effects. However, there are no or little laboratory studies concerning the influence of quantitative overload on psycho-physiological conditions of data-entry operators.
To address the need for more empirical data in this concern, the present study was designed to examine the influence of time pressure, task demand and their combined effects, as underlying causes of quantitative overload, on the psycho-physiological state of data-entry operators. It was hypothesized that increased level of time pressure and task demand would: (1) increase perceived workload level; (2) lead to an increase in heart rate and decrease in heart-rate variability; (3) result in shortened response time due to time pressure and prolonged response time by task demand; (4) affect typing speed (increased time pressure would increase typing speed, while task demand would decrease it); (5) increase error rate. Moreover, the combined effect of time pressure and task demand was expected to be higher than the effect of time pressure or task demand alone.
Methods

Independent variables
Two levels of temporal demand were defined: 1) no time pressure (NTP) condition, wherein participants were asked to perform the task at their own pace, and 2) time pressure (TP), which was induced by requiring participants to achieve a predetermined number of character strings (target number). The target number was determined as 25 percent more than the average number of character strings obtained by each participant in the practice session. Two levels of task difficulty were modulated by changing the number of characters from three letters in the low demand (LD) condition to seven letters in the high demand (HD) condition. The seven-letter character strings were chosen as being the average number for maximum capacity of working memory (magical number seven plus or minus two) and the three-letter character strings was practically guaranteed for good performance and it was adopted on the basis of optimum capacity of working memory for arbitrary alphanumeric strings 26) .
Dependent variables -Number of completed character strings (CCS)
: the number of character strings completed by the participants in each block of each condition.
-Initial response time: the time lapse between the first appearance of each character string and the first keystroke entered by the participants. This measure is equal to reaction time plus movement time.
-Typing duration: the time lapse between the first and last keystroke required to complete one character string (typing one character string of three or seven letters).
-Typing speed: the number of letters typed per minute by participants in each experimental block. -Subjective workload: The abridged Japanese version of the NASA-TLX 11, 13) was applied for this assessment. The ratings consisted of six component scales: mental, physical, and temporal demands, performance, effort, and frustration level. The participants rated their subjective workload on six 10-cm visual-analog scale and then these ratings were converted to raw scores from 0-100 for each scale to compute the overall score. The overall score is usually computed by paired-comparison method of the six-component scores and is defined as 'Weighted Workload (WWL)'. But, this method could have been somewhat cumbersome and complex to the participants, although they were undergraduate medical students. Therefore, we used 'Adaptive Weighted Workload (AWWL)' instead, to simplify and facilitate this procedure. Its validity in younger adults has been reported by Miyake and Kumashiro (1993) 13) . To calculate AWWL score, the rank order of raw scores for six subscales is used in the abridged Japanese version of the NASA-TLX. In this method, the highest subscale score is multiplied by 6 and the remaining five subscale scores by 5 to 1, respectively; then their average is simply calculated as AWWL score. -Error rate: the proportion of the number of incorrect typing to the total number of correct and incorrect typing × one thousand for each experimental condition.
-Psycho-physiological measures: Heart rate (HR) and heart rate variability (HRV) were measured continuously during the experiment by electrocardiogram and were obtained using the CM5 derivative method 37) . In this method, surface electrodes are attached according to the bipolar chest lead. ECG signals were sampled at 500 Hz and stored using a digital encephalograph (NEC, SYNAFIT EE2500), then the R waves in the ECG were detected using a computer program made by DADiSP-Pro 2002 (ASTRO DESIGN), and the inter-beat interval was measured. FFT (Fast-Fourier-Transform) spectrum analysis was used to obtain the HRV and its components including LF (low frequency), HF (high frequency), and LF/HF ratio. The spectral energy was calculated in the QUANTITATIVE OVERLOAD AS A SOURCE OF STRESS IN VDT WORK low frequency band for the range from 0.07-0.15 Hz and in the high frequency band for the range 0.15-0.4 Hz, as suggested by Mulder 38) . Because of large inter-individual differences in the base level and dynamics of HRV, spectral energy indices were converted to a Z score as a standardized value for respective data analysis.
Tasks
The task was to re-write a combination of letters (character string) in Roman alphabet, and it was consistent with the software tool for experimental investigation of human reliability data, 'DIALOG', developed by Bubb 39) . Quantitative overload was induced by varying the temporal as well as task demand levels. The low and high demand of the tasks was set up by varying the number of letters from 3 to 7 letters. Moreover, as the time pressure and task demand conditions may overlap and interact, their effects on participants might result from a cumulative and combined set of job pressures and conditions 1) . Therefore, we also set up a combined condition wherein time pressure and task demand can be imposed to the participants simultaneously.
The task was constructed using Delphi 7.0 programming software. The appendix shows samples of computer screen views for the four different experimental conditions. In order to intensify the sense of temporal constraint on the participants in time pressure conditions, a time indicator was added to the displays. This indicator was initially green and would gradually turn to red as the experiment proceeded. In addition, the background for the CCS label was blinking yellow throughout the experimental run. All these color-based stimuli are representations of static task 'manner of control' 39) . Typing was limited to the keyboard, i.e. participants were not allowed to use the number keypad or mouse during the trials. To control for individual differences in typing speed and skill, they were asked to type merely by the index finger. Character strings were displayed, all at once, in a label in central alignment of the display and the participants were instructed to initiate the re-writing task upon appearance of the characters. The time indicator designed in the upper side of the typing label and the label for CCS and target number were placed in the left side of the display.
Participants
In all, twelve participants were recruited from the University of Occupational and Environmental Health, Japan. They were undergraduate male students with a mean age of 20.86 (range 19-24, SD=1.5). They had no history of or current conditions that would affect their perceptual or motor functions during typing work in general, and they were required to have normal or correctedto-normal vision, have had sufficient sleep (8 h) the night before the experiment and have abstained from drinking alcohol 24 h before the experiment.
Design and procedure
A 2 × 2 full factorial experiment was conducted to test the effects of two levels of time pressure and two levels of task demand on perceived workload, performance and psycho-physiological measures. Two levels of time pressure and task demand were set up within the four experimental conditions: baseline (no time pressure-LD task), task difficulty (no time pressure-HD task), time pressure (time pressure-LD task), and combined (time pressure-HD task) conditions.
Following a detailed briefing on the purpose of the experiment, participants completed an informed consent form and demographic and medical questionnaires. Next, they were given a practice session to get familiar with the task and with the experimental conditions, and also to determine each individual's typing speed and target number. The practice session was repeated before each experimental session. Then, they were assigned to perform two experimental sessions of time pressure and no time pressure on two non-consecutive days. In each session, the participants carried out two levels of task demand, the LD and HD tasks, each of which included four 15-min blocks. A 5-min break time was given between each block, and during this time the participants completed the NASA-TLX for the blocks they had just finished. The order of the time pressure and no time pressure sessions and the LD and HD tasks were counterbalanced with a Latin square between all participants. The experimental sessions were separated by 3-6 d 41) and the participants started the tasks at the same time of day (to control any potential influences of first session and circadian rhythm on the dependent variables). Additionally, in the time pressure session, participants were subjected to achieve their predetermined targeted number by typing as quickly as possible. They were also required to control the time and to make their best effort to reach the target number over the experimental run. At the conclusion of last session, the participants were thanked and compensated for their time.
Apparatus
An adjustable visual display unit (VDU) workstation was set up and the participants adjusted the table and chair positions to fit their personal preferences. A desktop computer (DELL 8100, with standard keyboard) was utilized to conduct the experiment. Electrocardiography (ECG) signals were collected by three Ag/AgCl electrodes. A polygraph instrument (SYNAFIT 2500 by NEC) was used for signal registration and processing, and the data were analyzed by applying Bimutas II and DADiSP-Pro 2002 software.
Analysis
The overall means were calculated for all subjective, performance and psycho-physiological measures from the four blocks of each experimental condition. The mean differences in time pressure (TP vs. NTP) and in task demand (LD vs. HD) conditions were analyzed using a repeated-measure analysis of variance (RANOVA) test. Furthermore, pairwise comparison Post Hoc tests (Tukey HSD) were used to determine specific differences between levels for any dependent variables that showed statistical significance. Statistical significances in all analyses were assumed to be less than 5 percent (p<0.05). All results showed normal distribution of data, and the order of blocks in each condition as well as the interaction between condition and blocks (conditions × blocks) showed no effects on any outcomes. Table 1 summarizes the overall means for subjective workload, task performance and psycho-physiological variables from the four experimental conditions. The results of analyses for mean differences of dependent variables are explained below.
Results
Subjective assessment of workload
In general, participants did perceive higher levels of overall workload (AWWL score, F (3, 44)=5.55, p=0.003) when typing 7-letter character strings under the time pressure condition (Table 1 and Fig. 1 ). Additionally, Post Hoc (Tukey HSD) tests revealed a higher level of workload induced by time pressure (p=0.005) or task demand (p<0.001) alone, as compared to the baseline level. Furthermore, in order to gain more insight into the details of the overall subjective workload, differences of the NASA-TLX subscales scores were additionally analyzed between conditions, applying the same RANOVA test (Table 1 and Fig. 2) . As a consequence, the combination of time pressure and task demand significantly induced a higher perception of mental demand (F (3, 44) Performance showed no differences between the conditions (F (3, 44)=0.62, p=0.6). Even so, participants showed rather different ratings for time pressure or task demand alone. In these cases, Post Hoc (Tukey HSD) tests revealed that time pressure contributed to a higher level of temporal demand (p=0.018) and frustration (p=0.01) than that of the baseline level, while increasing task demand, typing seven-letter rather than three-letter character strings, subjectively created an increased mental demand only (p=0.017).
Performance-related measures
Performance-related measures are presented in the second part of Table 1 and Fig. 1 . Applying Post Hoc (Tukey HSD) tests indicated that the presence of time pressure significantly increased the productivity rate (higher number of CCS) when typing either three-letter (p=0.042) or seven-letter (p=0.002) character strings. This increased productivity rate was obtained through decreasing typing duration and diminishing initial response time. As a result, time pressure resulted in a 20.4% decrease in typing duration when typing three-letter strings, and a 12.03% decrease when typing seven-letter character strings (Tukey HSD, p=0.001; p=0.04). In terms of initial response time, the same Tukey HSD test showed that participants could significantly diminish this period when typing three-letter (p=0.001) or seven-letter (p=0.015) character strings. Conversely, increased task demand, from three-letter to seven-letter, contributed to prolonged initial response time either with time pressure or without it (Tukey HSD, p=0.004; p=0.003). The participants initiated typing the seven-letter task 27.43% slower in "time pressure" and 28.34% slower in "no time pressure" conditions, as compared to the time they required to start typing the three-letter tasks. Additionally, to realize the effect of task demand on typing duration and to have a comparison between all experimental conditions, typing speed, as another index of task performance, was calculated. Consequently, increases in typing speed (F (3, 44)=5.29, p=0.003), indicated significant time pressure differences, but not demand differences between conditions (Tukey HSD, p=0.014; p=0.11). A similar difference was observed for the effect of time pressure on typing speed when the participants typed seven-letter character strings in the combined condition (p=0.028).
In terms of "error rate" (Table 1 and Fig. 1 
12).
On the other hand, task difficulty led to a remarkable increase in error production from the error rate of 7.2 in baseline to 14.56 in task difficulty condition and from 8.82 in time pressure to 16.81 in combined conditions (p=0.026; p<0.013, respectively).
Psycho-physiological measures
The last section in Table 1 and Fig. 3 illustrate variations in heart rate (HR) and heart rate variability (HRV) components under different experimental conditions. Repeated ANOVA test was used to examine the influence of time pressure, task difficulty and their combined effects on HR and HRV. As a result, the participants showed an increased level of heart rate due to time pressure (F (3, 44)=5.59, p=0.041), but no significant changes were observed when they faced the task difficulty constraint as compared to the baseline condition (Tukey HSD, p=0.18).
In terms of HRV, the same repeated ANOVA test was applied to analyze the effect of independent variables on different components of the heart rate variability. LF, HF, and LF/HF components were considered for these analyses. RANOVA test showed no significant differences in any of the HRV components (LF, F (3, 44)=1. 24 
Discussion
The intention of this study was to put participants into different conditions of quantitative overload while typing, and to evaluate how their psycho-physiological and performance-related measures would be affected by such intensive conditions. In the current study, time pressure and task demand were examined as two underlying causes of quantitative overload and sources of mental stress for data entry operators. Accordingly, increased subjective workload and productivity rate along with decreased typing time and response time showed the extent to which participants were affected by the overload situation as a consequence of time pressure and task difficulty.
The amount of extra work that was given to the participants during the time pressure condition (defined as target number) was determined as 125 percent of each participant's self-paced work, the same as machine-paced work suggested by Salvendy and Smith 40) . It was a good limit to produce an overload situation for two reasons: First, as shown in Table 1 , the average number of CCS (productivity rate) achieved by the participants was 281.89 and 116 character strings in the time pressure and combined conditions, respectively. These productivity rates are very close to the extra work limits the participants were required to achieve (94 and 91 percent of their target number), showing that they made their best efforts to achieve those limits, even though they were much higher than their self-paced capacity. Second, we checked the participants' success rate to reach this level under the time pressure conditions. The success rate was low for both the low and the high demand tasks (18.4 and 10. cent, respectively). Therefore, the lower success rate and greater effort confirm that the tasks were probably demanding to the participants in the intensive conditions of the experiment, and may have kept them overloaded and stressed enough in trying to reach the target number throughout the experimental blocks.
Otherwise, an amount far less or more than this might make the task too easy or too demanding for the participants and might result in them not making their best effort.
Increased time pressure and task demand led to an increase in overall subjective workload. This might be supported, to some extent, by changes in the performance measures under the same temporal and demand constraints. Productivity rate (CCS number and typing speed) was increased through shortening typing duration and response time under time pressure. This is in line with the fact that maintenance of performance is achieved at the cost of greater effort/capacity expenditure 20, 41) , and this is reflected in the subjective workload ratings. In addition, the increased level of workload under time pressure in the present study might be supported by a tendency for individuals to assess themselves under time pressure conditions as worse than under conditions that do not involve time pressure 26, 41) . What is more, the type and the level of loading imposed on separate capacities of the participants were discriminable by subscale scores of the NASA-TLX. Participants rated a higher level of temporal demand along with a greater sense of frustration from time pressure, but in terms of task demand, they showed a higher level of mental workload. According to Fendrich et al. 42) , to study the influence of string length and repetition on chunking of digit strings, the reason for the high level of mental demand when performing high demand tasks might be the overloading of short-term memory when typing seven-letter as compared to theeletter character strings. This makes much more sense when looking at the cumulative effect of time pressure and task demand in the combined condition. Therefore, quantitative overload, induced by time pressure and task demand, imposed an extra burden to the participants while performing the tasks. The increased level of overall workload score and the higher level of frustration and temporal and mental demand showed the subjective impact of this overload appropriately.
The significant increase in productivity rate with the cost of shortening typing duration and response time, and increasing typing speed may imply the existence of overload condition as well. However, there are some contradictory points in this concern. Increased productivity rate (CCS number) and typing speeds under time pressure did not lead to a significant increase in error rate, even though the results showed a decrease in typing duration and initial response. This is in conflict with the findings of Hughes et al. 17) , where they found a speed-accuracy tradeoff under time pressure, as an increase in gross typing speeds accompanied an increase in error rate. One plausible interpretation for this might be the interaction between concentration level and experience of stress. As Streufert et al. 25) mentioned, the more time pressure the participants experienced, the higher the level of concentration and the lower the rate of error they ultimately exhibited. The nature and the way of typing in the present study might be another reason for the error rate not increasing under time pressure. In other words, the use of meaningless character strings instead of regular words, and typing with a single finger (index finger) instead of all the fingers, made the task in this study more controlled than an automatic processing task. Controlled processing is slow, serial, conscious, and voluntary, while automatic processing such as a regular typing task would be fast, unconscious, and often involuntary, and would be invoked to perform well-developed skilled behaviors with less probability of committing error 9) .
With respect to the impact of task demand on typing performance, increasing the number of letters to type, from three letters to seven letters, led to increased initial response time and more errors along with a higher level of perceived mental demand. A decrease in typing performance with additional workload has been mentioned in other studies 9, 17) . The prolongation of initial response time in our study is consistent with a study by Sternberg et al. 43) , as they concluded that it takes a progressively longer time to initiate the response of typing a string of characters as the number of characters in the string is increased. Moreover, Kello 44 ) also reported that difficult stimuli induce slower responses and easier stimuli induce faster responses. The typing task includes four main stages of information processing: Input→ Parsing→ Translation→ Execution 10, 45) . Typing a seven-letter character string naturally requires more information processing with particularly more motoric or execution demand compared to typing a three-letter character string. Therefore, a higher error production in the task demand condition is expected.
Taking physiological measures into account, other researchers provided conflicting data on the relationship between these measures (heart rate, heart rate variability) with time pressure and task difficulty. In the present study, increased time pressure resulted in increased heart rate. This is in agreement with the subjective ratings of workload, where all task demands and the interaction between these demands and each participant's psychological state were at a high level. HR was probably only affected by stress, not by the speed/productivity that existed in the task demand condition. This is consistent with the findings of an experimental study that investigated the influence of time pressure and verbal provocation on physiological and psychological reactions during work with a computer mouse 18) . Contrary to the hypothesis in the present study, increased task demand did not increase heart rate in this study, which might be a result of low motor demand during keyboard usage 46) . Although typing seven-letter character strings is more demanding than three-letter character strings, the impact of motor activity on cardiac parameters (heart rate) could be neglected during common computer tasks such as keystrokes at intervals of 300 ms or longer 46) . Moreover, this dissociation might be relevant to the nature and difficulty of the task which was imposed to the participants. Finsen et al. 47) found an increased heart rate and blood pressure when memory demands were added to a computer task. It is possible that such stressors used in that study were perceived as more stressful than the task difficulty used in our study. Conversely, a decrease in HR with an increase in workload has been mentioned in a study by Braby et al. 48) investigating the relationship between the subjective and physiological components of workload.
As the results show, different levels of time pressure and task demand imposed on the participants via the typing task, leading to differences in performance and perceived workload, are not reflected in the various components of HRV. Although HRV analysis is a popular tool for assessing mental work stress, previous studies have shown different and contradictory results 18, 20, 22, 33-36, 41, 46-48) .
Nickel et al. 33) , for instance, in their study on "sensitivity and diagnosticity of the 0.1-Hz component of heart rate variability as an indicator of mental workload" showed sufficient sensitivity of the 0.1 component of HRV for discrimination between work and rest, but they found no support for a more fine-grained sensitivity. They have concluded that both sensitivity and diagnosticity of the 0.1-Hz component of HRV for assessing mental workload are insufficient, but it might indicate the presence of time pressure (i.e., machine-paced performance). In contrast, Hjortskov et al. 49) found that HRV changes as a result of introducing a combination of stressors (i.e. verbal provocation, surveillance, and memory tests) during a computer-keying task. According to Aasman, Mulder 50) , and Mulder 51) , this could be attributable to the fact that there is too much within-subjects and between-subjects variability in the signal, which might be one reason the measure lacks of sensitivity for small differences in processing load between tasks. In the current study, there is a large variation in the LF/HF measures (with the SD of 0.24 and 0.29 for the HD and combined conditions, respectively). This variation might be due to the small number of the participants adopted as a sample, which in turn may have influenced the statistical differences of analyzing HRV measures. The number of participants recruited in this study was consistent with many previous laboratory studies 18-20, 33-36, 46-51) ; however, the choice of sample size based on power calculation is of crucial importance to control within and between subjects variability, particularly for the studies that are designed to detect differences in any of the HRV component. Lastly, the extent of autonomic responses we found may suggest that an acute case of time pressure or task demands during computer work is not physiologically stressful, at least for young healthy subjects, even though they showed significant differences in subjective and performance related measures.
Limitations and implications
The stressors used in this study were two simplified and selective factors of quantitative overload, and may be not analogous to the many factors to which individuals are exposed during daily work, in either simple or combined forms (factors such as volume of work, excessive supervision, time pressure and so on). However, the reaction to different stressors could mirror the stressors encountered during ordinary work. We selected a relatively homogenous but small population of undergraduate male students ranging from 19 to 24 yr old to serve as subjects in this experiment. This selection may affect statistical differences of particularly psycho-physiological measures and decline potential confounding effects such as aging, education level, cognitive ability and processing speed. Finally, applying other psycho-physiological indices related to the autonomic or central nervous systems to indicate potential effects of overload situation on psycho-physiological functions would be much more helpful and informative rather than using HR and HRV alone. Therefore, further research would be needed before making an attempt to broaden these results to a larger population.
Conclusion
Addressing psychological and organizational factors in the workplace can be challenging, but some interventions are possible. Overload problems can be minimized in several ways. A first step is the setting of realistic production quotas or standards. The establishment of these quotas should be flexible enough to take account of the difficulty of the document to be typed. Production quotas should make allowances for the additional workload on the operator owing to these circumstances. Proper scheduling can minimize many overload problems, particularly considering unforeseen circumstances and regular peak periods. Data-entry operators should not be required to work at full speed. Finally, the workload should be set taking into consideration individual cogni-QUANTITATIVE OVERLOAD AS A SOURCE OF STRESS IN VDT WORK tive, physical and perceptual capability, and not merely the capability of the equipment.
This investigation supported the hypothesis that quantitative overload can influence psycho-physiological attributes of data-entry operators to some extent. Specifically, time pressure as one of the underlying causes of quantitative overload contributed to increased perceived workload and heart rate. Increasing task demand, as another reason for quantitative overload, can result in increased error rate and a prolongation of initial response time. Heart rate variability did not indicate any impact of time pressure or task demand on the operators' overload experience. Therefore, the quantitative overload investigated in this study was found to be an adverse source of organizational condition can influence operators' judgment of workload, their task performance and psycho-physiological states.
